Purpose of Review The purpose of this study is to provide an update to the orthopedic field in regard to treatment of the Hill-Sachs lesion and anterior shoulder instability. The review highlights the most current knowledge of epidemiology, clinical evaluation, and surgical methods used to treat Hill-Sachs lesions. It also details the relevant clinical and surgical findings that have been made throughout the literature in the past couple of years. Recent Findings The most recent literature covering the HillSachs lesion has focused on the relatively new and unexplored topic of the importance of concomitant injuries while treating a humeral head defect. The glenoid track concept has been clinically validated as a method to predict engagement. 3D-CT has become the "gold standard" for Hill-Sachs imaging; however, it has been noted that 3D-MRI produces results that are not significantly different from CT. Also, it has been found that when the arm is in a position of abduction during the primary injury, there is a higher risk of engagement and subsequent dislocation. Recent studies have demonstrated successful results stemming from purely arthroscopic procedures in treating Hill-Sachs lesions.
Introduction
A Hill-Sachs lesion is a bony defect of the humeral head that is often linked with recurrent anterior shoulder instability. In fact, it has been proven that the Hill-Sachs lesion is quite common and is demonstrated in 67-93% of anterior dislocations and can reach an incidence rate of 100% in patients with recurrent anterior shoulder instability [1] [2] [3] [4] . Hill-Sachs lesion typically occurs with an anteroinferior glenohumeral dislocation event. The dislocation event, as described by Provencher et al. [5] , pushes the humeral head anteriorly into contact with the dense anterior glenoid causing a compression fracture along the postsuperolateral aspect of the humeral head. Recurrent dislocations become problematic because the anatomical glenohumeral constraints become increasingly worn down, leading to chronic instability [5] . The lesions vary in depth, width, and orientation, and each different presentation has to be treated in a unique manner. The most common method of determining the Hill-Sachs lesion is the Calandra classification (Tables 1 and 2 ), which uses arthroscopy to measure the depth of the lesion [6, 7] . Other methods are used in classification, such as radiography described by Rowe et al. [1] and magnetic resonance imaging articulated by Richards et al. [8] The Hill-Sachs lesion should not be treated as an isolated injury because other injuries, such as a concomitant glenoid osseous defect or anteriocapsulolabral tear make the situation more complicated [9•] . Widjaja et al. [2] demonstrated this connection in pathology by finding that Hill-Sachs bone loss occurs in conjunction with glenoid bone defect in 62% of patients experiencing anterior shoulder instability. Previously, the humeral head, labrum, and glenoid were often treated and examined independently. It was common methodology to do a classic arthroscopic capsuloligamentous repair while neglecting the bone defect, but the high risk of recurrence proved this approach to be insufficient [10] . Now, with the affirmation of the glenoid track concept by Shaha et al. [9•] and its association with the concept of "engaging" and "non-engaging" lesions presented by Burkhart and de Beer [11•] , the understanding of the glenohumeral interaction is rising rapidly. However, despite the increase in understanding, there is still conflict and variation in diagnoses. Kurokawa et al. [12] critiques this common understanding by claiming there needs to be a more precise method for quantifying the severity or depth of a Hill-Sachs lesion. He reported that the prevalence of engaging lesions has been stated to range from 1.5 to 34%, which shows the lack of consistency in grading and evaluation.
Epidemiology
Over 90% of the dislocation events are anteriorly displaced, and a Hill-Sachs lesion can be found in up to 93%. Despite the high incidence of Hill-Sachs lesions, it remains challenging to definitively determine which lesions are causing clinical symptoms and which are incidental. The challenge stems from the fact that there is little consensus on the size of defect that may lead to recurrent instability, in addition to the joint position or movement that could cause an engagement event [4, 13, 14] .
The risk factors associated with the Hill-Sachs lesion are directly linked to the likelihood of another anterior dislocation event. In a fairly recent study, Horst et al. [15] found that young age and hyperlaxity of the ligaments surrounding the glenohumeral joint lead to a predisposition for recurrence of dislocation. It has been noted that the problem of hyperlaxity is especially heightened in young patients due to the more limited number of treatment options for a young patients [16] . Horst and his colleagues also found that a larger HillSachs lesion leads to greater risk of recurrent dislocation because of the decreased available contact surface with the glenoid [15] . Neglecting to treat humeral head bone loss is liable to lead to an increased prevalence of anterior shoulder instability.
Clinical Evaluation History and Physical
The first subjective measure taken with a patient experiencing recurrent shoulder instability should be to have the patient characterize the degree of discomfort, the frequency of dislocation, the presence of neurological problems, and the prior treatments experienced. Lynch et al. [17] describes the importance of inquiring about factors that could increase the risk of recurrence, such as seizures, propensity to fall, or participation in activities that require abduction and external rotation. It is also valuable to make an effort to have the patient describe the positioning of their arm during the traumatic event in order to gain insight into the nature of the injury.
When physically evaluating the shoulder, an important test is the load and shift test (Fig. 1) , because it tests the adequacy of the glenoid rim and humeral head by shifting the shoulder anteriorly [17] . If a grinding situation arises, it is due to a HillSachs lesion or a glenoid defect causing rough contact on the articular surface. Another provocative test that proves useful in examining the shoulder is the apprehension test, which focuses on the level of instability in the glenohumeral joint [5] . During the entire physical examination, it is necessary to make continuous comparisons with the contralateral shoulder to determine the severity of the injury.
Imaging
Multiple different imaging modalities exist to diagnose an osseous humeral defect. These include radiography, computerized tomography (CT), and magnetic resonance imaging (MRI). When using radiography, it is necessary to use the three basic views (AP, axillary, and lateral) and special views (Stryker notch view) to measure Hill-Sachs bone loss [18] . Saliken et al. [19] found that using a Stryker notch view with the arm in internal rotation was reliable and clinically relevant in determining Hill-Sachs defect depth and orientation (Fig. 2) . These specialized radiographic views are more accurate than standard radiograph images, but they can be challenging to reproduce due to patient limitations or discomfort [20] . Even with specialized forms of radiographs, it still stands that CT and MRI are superior forms of imaging for a Hill-Sachs defect [21] . This is largely because up to 60% of bony defects can be missed based off looking at radiographs alone [22] . CT imaging with 3D osseous reconstruction technology has become the gold standard when determining the severity of Hill-Sachs lesions (Fig. 3a) [21, 23, 24] . Gyftopoulos et al. [25] report that the 3D image allows for an improved conceptualization of the osseous anatomy of the humeral head and therefore is utilized by many orthopedic surgeons. The improved conceptualization leads to 3D-CT being more accurate than 2D imaging (Fig. 3b) , and it allows for the most consistent and reproducible measurements of humeral bony defects [26, 27] . When assessing the soft tissue anatomy of patients with glenohumeral instability, MRI has become the superior method [28] .
There have been previous studies showing that MRI is capable of quantifying bone loss, but there has been no proof that it should be preferred over 3D-CT [29, 30] . In fact, it has been noted that even with a full array of MRI slices and views, the images are likely to be a poor predictor of bone loss [30] . However, 3D-MR has recently shown potential to be a successful method of assessing glenoid and humeral head bone loss [28] . Stillwater et al. [31•] , seeing that there was no up to date study comparing the accuracy of 3D-CT and 3D-MR in patients suffering from glenohumeral instability, developed a study comparing the two imaging techniques in actual patients with glenohumeral instability. The results showed that 3D-CT osseous reconstructions were equivalent to 3D-MR osseous reconstructions, and the measurement differences were found to be statistically insignificant. This study has important implications because it would be beneficial to use 3D-MR in place of CT due to its ability to image without radiation; additionally, patients would only need to get one scan with the MRI instead of obtaining both MRI and CT for preoperative evaluation. Ultrasonography is another technique that has shown to be useful in quantifying Hill-Sachs lesions [5] . Cicak et al. [32] conducted an intraoperative study and found ultrasonography to be 100% specific and 96% sensitive to the quantification of Hill-Sachs lesions. They also determined the accuracy of their findings to have an overall rate of 97%.
Despite the significant progress that has been made since the early 2000s in our imaging knowledge, there is still a need for further investigation to determine the best imaging modality for quantifying Hill-Sachs lesions [19] .
Grading of Hill-Sachs
Defining a Hill-Sachs lesion is a multi-dimensional process because of the requirement for the examination of multiple different factors, such as size and orientation. The typical definition of Hill-Sachs size, although not universally accepted, is a lesion that covers greater than 25% of the humeral head articular surface [33, 34] . Bony defects covering under 25% of the humeral head surface are typically insignificant in an isolated situation. However, depending on concomitant glenoid bone loss and the degree of engagement with the glenoid, even a small Hill-Sachs lesion can become clinically significant [5] .
The term for glenoid bone loss in conjunction with a Hill-Sachs lesion is bipolar bone loss, and it is a pathology that must not be overlooked [5] . Ramhamadany and Modi noted that an isolated Hill-Sachs lesion increases the chances of a bipolar defect by a factor of 2.5 to 11 [35] . Arciero et al. [36] addressed the problem of bipolar bone loss in a study by taking a clinically insignificant HillSachs lesion (1.47 cm 3 ) paired with glenoid bone defects ranging from 2 to 6 mm. They found when the clinically insignificant Hill-Sachs lesion was paired with the 2-mm glenoid defect, the result was a 25% reduction of stability. When paired with the 6-mm glenoid defect, they found there to be a 50% reduction of stability. The recent identification of the bipolar phenomenon rendering previously insignificant Hill-Sachs lesion to be significant has become a vital aspect of the classification process.
The Hill-Sachs lesion can also be defined as significant if it is oriented in a position that forces it to engage with the anterior glenoid with the arm position associated with athletic function (i.e., 90°of abduction combined with approximately 90°of external rotation) [5, 10, 37] . Burkhart and de Beer first described the concept of engaging vs. non-engaging Hill-Sachs lesions [11•] . They defined the orientation of an engaging Hill-Sachs lesion to be parallel to the glenoid so the lesion will make contact with the corner of the glenoid. They discovered that a nonengaging lesion passes diagonally across the anterior glenoid, which allows it to make continuous contact with the articular surface, leading to avoidance of the anterior glenoid. It has been noted several times throughout the literature that engagement of a Hill-Sachs lesion is a superior predictor of recurrent stability or failure of arthroscopic surgery compared to predicting outcomes based off size alone [12, 38] .
The position of the arm at the initial dislocation event and angle of the Hill-Sachs lesion is another predictor engagement and instability. In one recent study, Di Giacomo et al. [39•] evaluated the correlation between positioning of the arm, angle of Hill-Sachs, and extent of engagement. They found that patients that experienced the dislocation event with their arm in abduction had significantly higher Hill-Sachs angles (32.4°± 4.7°) than when the arm was in adduction (16.1°± 2.9°) (Fig. 4a) . The higher angle caused from the arm being in abduction resulted in a more slanted lesion with respect to the longitudinal axis of the humerus, which led to a higher degree of engagement and subsequent shoulder instability (Fig. 4b) . The lower angle caused from the arm being in adduction resulted in the lesion passing diagonally in a nonparallel fashion across the anterior glenoid, which led to a lower extent of engagement and shoulder instability. 
Glenoid Track Concept
Engagement directly correlates to the glenoid track concept, which was first described by Yamamoto et al. [40] . The glenoid track concept refers to the area of the glenoid that is covered as the arm shifts during a movement of abduction and external rotation from the inferomedial to the superolateral portion of the humeral head [10] . The area of the glenoid covered during this lateral shift of movement has been noted to be around 83% [5, 10, 12] . If the lesion is said to be offtrack, it was thought to be engaging, while an on-track lesion is predicted to be non-engaging. Gyftopoulos et al. [38] set out to find if the on-track off-track method was a valid predictor of engagement. With the help of MRI technology, they found the on-track off-track method to predict engagement accurately in 84.2% of cases, and they found it to have a negative predictive value of 91.1%. The authors concluded with the Fisher test result of p < 0.0001 that the glenoid track concept was a valid test of Hill-Sachs engagement. In a different study, Metzger and his colleagues [41] found that only 15 out of 121 (12.4%) of patients with Hill-Sachs lesions inside the glenoid track experienced engagement. On the other hand, 16 out of the 19 (84.5%) patients with lesions outside of the glenoid track experienced engagement and recurrent shoulder instability.
Shaha et al. [9• ] evaluated the glenoid track concept much like Gyftopoulos et al., but they were trying to study the relationship between the glenoid track and arthroscopic Bankart repairs. The results of the study showed them 6 out of the 8 off-track patients (75%) experienced recurrence, while 4 out of the 49 on-track patients (8%) had recurrent dislocations. The negative predictive value was found to be 92%; that is, when the shoulder was on-track, arthroscopic repair rarely failed. In a sub-analysis of patients with non-engaging ontrack defects, they determined postoperatively that 89% of the patients had stable shoulders. This study was vital to our preoperative predictive measures because previously there was only the algorithm defined by Giacomo et al. Despite the recent studies providing data supporting the usage of the glenoid track for treatment of glenohumeral instability, there is still debate to its validity. Schneider et al. [24] conducted a study using 3D CT scan images to measure the variability in glenoid track measurements. In a case study evaluating interobserver reliability, they showed that the observers struggled to come to a consensus as to if the Hill-Sachs defect was on-or off-track, with only a 72% rate of interobserver reliability. They determined the degree of variability in humeral head assessment in relation to the glenoid was too high for the glenoid track measurement to be reliable. Due to the poor interobserver reliability, the authors recommend the avoidance of the glenoid track in preoperative assessment measures.
The clinical relevance of the glenoid track to evaluating shoulder instability is significant, and the progress over recent years has been exciting. However, further investigation is needed to make it the consensus classification method.
Non-surgical Management
Non-surgical management of a Hill-Sachs lesion is warranted when the osseous defect is small (< 20%) or non-engaging with the glenoid. It is also more likely for an anterior [42] . Even if a primary dislocation event causes a bony defect in the humeral head, it is common practice for a surgeon to neglect the bony defect and repair other relevant pathology, such as a Bankart lesion repair [5] . However, it is essential to address the Hill-Sachs defect in the setting of an engaging lesion as multiple studies have come out demonstrating the increased recurrence rates of shoulder instability after arthroscopic repair when the HillSachs lesion is not addressed at the time of surgery [6, 12, 17, 34] . Shibayama and Iwaso found that an engaging HillSachs lesion is highly susceptible to recurrence if treated with a typical arthroscopic capsuloligamentous repair with no attention to the osseous defect [6] . Boileau et al. [43] also states that it is not surprising that an untreated Hill-Sachs lesion leads to postoperative recurrent instability because the articular arc deficit still exists and will cause engagement with the anterior glenoid rim, thus resulting in failure of the repair over time.
For patients that are poor surgical candidates (i.e., older age, lower demand, or increased medical issue) with clinically significant lesions, non-surgical treatment is the preferred method to management of the shoulder instability [17] . In non-surgical scenarios, it is vital that the patient is on a rehabilitation program under the supervision of a trained physical therapist. Provencher et al. [5] recommend for therapy to focus on deltoid strength, rotator cuff muscles, and most importantly the scapular stabilizers. It is also common for surgeons to place patients, especially in-season athletes, in a sling or immobilization device in order to promote healing during the acute injury period without surgery.
Surgical Management
Surgical management of a Hill-Sachs lesion is determined based off clinical evaluation and symptoms of instability. The majority of these defects requiring surgery is due to their size (Fig. 5c) and/or engagement, or due to the concomitant injuries that often arise with a Hill-Sachs lesion. There are several different treatment options to address anterior shoulder instability, both open procedures and arthroscopic techniques [10, 17, 44] . In the late 1990s and early 2000s, it was believed that open surgical techniques were superior to arthroscopic techniques in treating the glenohumeral joint [11, 45] . Now, it has been shown in the literature that both open and arthroscopic surgeries are viable options with similar outcomes and failure rates [34] . Harris et al. [46] gathered the outcome results from 26 Bankart repair studies and found no statistical difference between open and arthroscopic approaches.
It is critical while assessing the surgical merit of a HillSachs lesion to consider the potential bipolar nature of the injury and concomitant injuries (Fig. 5) . It is common for a surgeon to treat the primary instability event, whether it be glenoid bone loss or a Bankart lesion. Glenoid bone loss of more than 20% would most likely be addressed with a coracoid transfer (Latarjet procedure) or an iliac crest bone graft or allograft, while an isolated Bankart lesion would be fixed with an arthroscopic Bankart repair [47, 48] . The mindset behind solely addressing the glenoid lesion (soft tissue or bony) is that with the increased articular surface and/or repaired labrum to the rim will increase the glenohumeral stability preventing the Hill-Sachs lesion from causing recurrent instability. Likewise, surgeons will often only fix the Bankart lesion believing that it alone will keep the shoulder stable. It is common practice for a Bankart repair or Latarjet to prevent recurrence, but there are also cases where the humeral head defect is large or engaging and must be addressed to prevent further instability [17, 43, 49] . Rowe et al.
[1] first reported in their series that 76% of the failures after anterior shoulder instability surgery had the presence of a Hill-Sachs lesion.
Remplissage
The remplissage technique has become a popular method in managing Hill-Sachs lesions. The term remplissage, originally described by Purchase et al. [50] , involves an arthroscopic posterior capsulodesis and infraspinatus tenodesis, with the fixation of the soft tissue to the Hill-Sachs lesion [5] . The operation was coined remplissage because it is a French term for "filling," and the procedure is the filling of the Hill-Sachs defect with capsule and infraspinatus tendon. The success of the remplissage procedure is a result of its ability to convert the Hill-Sachs lesions from an intraarticular defect to an extraarticular defect, thus lowering the predisposition or humeral head excursion for engagement with the anterior glenoid rim and recurrent subluxations. Koo et al. revised the procedure with the "double pulley" technique, which allows for the sutures to be tied over the infraspinatus tendon instead of through it [51] . This technique has proven to be successful, but in 2016, Alexander et al. [52] further modified the technique. Their technique still utilizes the double pulley technique, but they conducted a percutaneous placement of the two suture anchors in the single skin-and-deltoid incision. The major advantage of this new method is it avoids the need to go into the subacromial space to retrieve or tie sutures.
The remplissage technique is utilized in patients with engaging Hill-Sachs lesions in conjunction with mild glenoid bone loss, and it is most often used concurrently with an arthroscopic or open Bankart repair (Fig. 6) [10] . Longo et al. [53] found that remplissage exhibits the lowest recurrence rates and greatest outcome scores. The range of recurrence rates for a remplissage and concurrent Bankart repair, as documented by many authors, ranges from 0 to 8% [54] [55] [56] . Park et al. [57] reported 85% satisfaction rate in patients that had combined arthroscopic Bankart repair and remplissage for a large engaging Hill-Sachs lesion. Many unique methods of performing a remplissage exist, but the common advantage in all of them is the avoidance of the risk factors associated with bone grafts. A disadvantage associated with remplissage is that it usually alters the rotator cuff muscles, thus altering the shoulder anatomy [58] . This can also lead to reduced external rotation or posterior superior shoulder pain, but this topic is still controversial [59] .
In the literature, there has been debate as to whether the remplissage procedure leads to loss in range of motion and stiffness, but it is becoming clearer that there is a correlation between loss of internal-external range of motion and the remplissage. Elkinson et al. [60] conducted a study on eight different cadaveric specimens, where they created Hill-Sachs lesions of 15 and 30%, respectively, and followed with a remplissage. In the specimens with a 15% lesion, there was a significant reduction in internal-external range of motion in adduction (15.1°± 11.1°, p = 0.039), but not in abduction. In specimens with a 30% lesion, a significant reduction in range of motion was also detected in adduction (14.5°± 11.3°, p = 0.049) and not abduction. They also determined a significant increase in joint stiffness (p = 0.060) following the remplissage procedure with the 15% defect group. An additional study by Giles et al. [61] found similar results by finding that the remplissage lead to a significant increase in joint stiffness (p ≤ 0.047) when repairing a Hill-Sachs defect. They also found the procedure to cause a reduction in internal-external range of motion in both abduction and adduction. Overall, these studies were able to show the effectiveness of the procedure to restore stability and prevent recurrence, but they were also able to highlight the potential setbacks of the procedure.
Hill-Sachs Reduction
There exist multiple different methods of filling the Hill-Sachs defect or repairing the lesion, but Garcia et al. [62] developed a novel reduction approach to filling a Hill-Sachs defect. In this technique, they used a bone tamp to carefully raise the cortical surface of the humerus in small increments. Once they restored articular congruity, they backfilled the void with Quickset (Arthrex) injectable calcium phosphate bone cement through the lateral tunnel. The study was designed to compare the reduction efficacy to remplissage, and they determined that differences in biomechanical stability are insignificant between the two. However, they did find that the reduction technique allowed for 5°more external rotation. They claim their method to be superior to the remplissage in acute situations because of its ability to preserve local anatomy while yielding similar results.
Stachowicz et al. [63] conducted a similar study with 18 cadaveric humeri. They used a kyphoplasty balloon to reduce the Hill-Sachs lesion and then injected bone cement into the void. They were able to show a 99.3% reduction to the original humeral head volume, further proving reduction to be a successful method. The limitation to this study was that it lacked biomechanical data with clinical relevance, but the study above by Garcia et al. addressed that issue.
The success of the various reduction techniques lies in the fact that it increases the articular arc of the humerus as it rotates on the glenoid, which helps prevent engagement and recurrent instability [5] .
Humeral Head Reconstruction
Bone augmentation of the humeral head has been shown to successfully manage large Hill-Sachs lesions with or without concomitant glenoid bone loss (Fig. 6a-c) [64, 65] . Previously, allograft procedures had always been done via an open procedure, which was invasive and could lead to negative results. Miniaci et al. [64] experienced some negative results in a cohort study involving 18 patients that underwent open osteochondral allograft transplantation. They had patients develop osteoarthritis, partial graft collapses, and one patient had a mild subluxation. Despite the difficulties, they were able to achieve a 89% patient return to work rate, which shows the validity of the allograft reconstruction itself (Fig. 7) . Another study done by DiPaola and colleagues reaffirmed the effectiveness of an allograft for humeral head reconstruction. They had four patients undergo an open reconstruction procedure with an average postoperative American Shoulder and Elbow Surgeon (ASES) score of 85.3 (range, 61 to 94.5), an average UCLA score of 28.4 (range, 23 to 31), and none of the patients experiencing recurrent instability [66] .
Snir et al. [67] advanced the procedure by developing a purely arthroscopic approach to osteochondral allograft reconstruction of a Hill-Sachs lesion. This was a novel approach, and it was necessary to have a fresh-frozen, side and sizematched osteoarticular humeral head allograft to achieve the best results. Assuming the surgeon gets a close approximation of the size for the allograft plug, this technique restores the native articular surface without compromising the shoulder's range of motion. Bakshi et al. offered clinical outcomes showing the importance of precise allograft plug approximation. They found a perfect allograft repair has significantly less anterior translation with an anterior load in comparison to an imperfect allograft repair, which is not size-matched [37] . The allograft reconstruction technique has also been shown to restore joint biomechanics better than other procedures (i.e., reduction and remplissage) [33, 61] . The disadvantages of this technique are the technical difficulty of the procedure, graft reabsorption, graft failure, and cyst formation.
Partial Humeral Head Arthroplasty
Partial resurfacing of the humeral head impression fracture with a cobalt-chrome articular component is a relatively new technique that offers advantages in comparison to other osseous defect repair procedures [68] . Previously, this technique had been employed for cases of glenohumeral osteoarthritis, avascular necrosis, and rheumatoid arthritis. However, multiple authors since then have documented the ability of the implants to be used in cases of anterior shoulder instability [69, 70] . The advantages to this technique include the lack of donor site morbidity when compared with autograft, shorter operation time, and no associated graft resorption or hardware removal, and it also allows for the avoidance of disease transmission [71] . Disadvantages include the technical difficulty in obtaining adequate fixation of the implant and an inability to align the surface of the prosthesis with the humeral head articular surface [68] . One study performed recently by Sweet et al. conducted a partial humeral head resurfacing procedure on 20 different shoulders with a mean follow-up of 32.7 months (range, 17-66 months). The results proved the procedure to be highly successful as the ASES score improved from 24.1 to 78.8, and the mean Simple Shoulder Test (SST) score increased from 3.95 to 9.3 [72] . The operation is performed using an open deltopectoral approach to ensure adequate visualization of the humeral head defect. With the assistance of intraoperative and preoperative measurements, an implant of appropriate size is chosen to repair the anatomic defect and secured into place. At the conclusion of the procedure, it is imperative for the stability of the glenohumeral joint to be tested intraoperatively to ensure that no other concomitant injuries need to be addressed [68] . 
Hemiarthroplasty
Complete humeral head resurfacing, or hemiarthroplasty, has been described as being indicated in older patients with a HillSachs defect > 40% of the articular surface and younger patients with chronic defects and significant cartilage reduction [73] . The number of these procedures being done around the world is increasing, and the amount of known intraoperative complications is relatively small. In a review study, Cowling et al. [74] examined the data from 12,559 primary shoulder hemiarthroplasties, and they found 315 (2.5%) to have complications following the procedure. The complications included humeral head fractures, glenoid fractures, shaft penetration, vascular injuries, and nerve injuries. They also made an important discovery that the superior surgical approach led to a significantly reduced number of complications and intraoperative fractures.
Due to the findings from Cowling and his colleagues [74] being very recent, the standard method of conducting a hemiarthroplasty procedure is a deltopectoral approach that exposes the proximal humerus. In the setting of chronic anterior shoulder instability, it has been documented that increasing the amount of retroversion intraoperatively by 10°-15°m ay offer enhanced postoperative stability. It is also critical for the surgeon to assess the state of the glenoid and the labrum in order to ensure all concomitant pathologies are intact [68] . This procedure offers a high rate of preventing further recurrence and maintaining a stable shoulder. One metaanalysis study conducted by Aim et al. [75] that included 613 patients who underwent complete humeral head resurfacing found the rate of return to sport to be 80.7% (range, 57.1-97.3%). Ultimately, hemiarthroplasty is continuing to prove itself as a successful surgical repair for shoulders with large and engaging Hill-Sachs defects.
Weber Osteotomy
Another treatment option utilized in the past for the management of Hill-Sachs lesions, specifically engaging lesions in this case, is the Weber Osteotomy. This technique consists of transecting the proximal humerus transversely at the surgical neck and retroverting the humeral head with relative to the humeral shaft, with the objective being to theoretically achieve derotation of the humeral head, thus preventing reengagement of the lesion. However, this procedure is uncommon given the variability in the derotation achieved and its reportedly high complication rate [76] .
Summary
Osseous defects in the glenohumeral joint are issues that can cause severe shoulder instability with high risk of recurrent dislocations. In the recent years, there have been a multitude of studies progressing our knowledge over diagnosis and treatment concerning shoulder instability. Hill-Sachs lesions are unavoidable when talking about anterior shoulder instability because of their high prevalence in patients with recurrent instability. The exact quantification of a clinically significant Hill-Sachs defect is controversial and still not exactly determined. However, with the progress of knowledge about the glenoid track concept and engagement, the diagnosis and preoperative decisions are becoming more accurate. It is also critical that a surgeon conducts a thorough physical examination and makes use of the most appropriate imaging techniques in order to achieve the best diagnosis and accurately assess the size of the Hill-Sachs lesion to dictate management.
In the past several years, it has been found that a Hill-Sachs lesion is rarely an isolated situation. It is important to consider concomitant injuries including bipolar bone loss (glenoid and humeral side) in addition to the Bankart tear. Oftentimes, it is sufficient to solely address the glenoid bone loss by increasing the articular arc to prevent engagement, or to repair the Bankart lesion to decrease the humeral head excursion. However, when the Hill-Sachs lesion is large and engaging, it must be addressed in order to prevent recurrent instability. There are multiple techniques that can be used in combination with a Bankart repair or as primary technique that includes fix or fill in the bony defect using remplissage, reduction of the lesion, humeral head allograft, partial or full humeral head resurfacing, or rotational osteotomy. There are benefits and drawbacks to each technique, and they must all be considered based on the size of the humeral head lesion and for each unique patient situation.
